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RAN approved a WI on further coverage enhancements for NR [1]. The WI objective is to study and if necessary, specify enhancements to realize increasing UE power limit and enhancement to reduce MPR/PAR. In the RAN1#110b-e meeting, the design aspects to be considered for possible enhancements as well as some evaluation assumptions were agreed and captured in the Appendix. In this contribution, we discuss on how to enable higher UL power transmission.
Discussion
In NR carrier aggregation, the UE performs power control per each serving cell and ensure that the total transmitted power is below the limit set for CA power class i.e., Pcmax. If the total power exceeds the limit, the UE allocates power in a priority order. In Rel-15/16, Pcmax_CA has the same value regardless of the number of combinations of UL carriers, UE capability or the activated UL carriers. In Rel-17, the UE can indicate to the network a higher power limit capability for CA for a band combination and the Pcmax range limits can be increased accordingly. One potential enhancement to consider in Rel-18 is to dynamically adapt the Pcmax based on the UE’s scenario. The UE can report to the gNB its capability of supporting different power classes for different band combinations, and based on the operating scenario, the gNB can change the power class of the UE. One event that could trigger power class change is the Spectrum Absorption Rate (SAR) requirements changes for the used UL duty cycle since the SAR limit are tested against a defined uplink duty cycle. For example, the UE is allowed to use a 50% duty cycle with PC2 (26dBm). The duty cycle has a correlation with the SAR compliance and thus in some cases the UE will be falling back to PC3 (23dBm) power class. Correlating UE power capabilities with time domain duty cycles may bring advantages in UL coverage for different type of traffic. Some services may need a higher power for a shorter period of time, while others may need lower power for a longer period of time. Thus, different CA power classes and duty cycles may be correlated for SAR compliance leading to an increased UL coverage. 
Observation 1: Different CA power classes and duty cycles may be correlated for SAR compliance, leading to an increased UL coverage.
Collectively, a CA power class may be associated with an UL duty cycle that would yield SAR compliance and a certain UL coverage. The gNB may have to be aware of different UE power classes – duty cycles capabilities and cooperate for better and properly adapted scheduling processes. Another event that can trigger UE power class change is the change of the RSRP measurements. For example, a UE that have strong SSB-RSRP may not need the higher power class whereas a UE in cell edge of the cell may need a higher power class. The UE can be using a default power class and change to higher power class. Another event could be a change on the set of active UL carriers. For example, when the UE receives MAC CE activating/deactivating CCs, the CA UE power class can be changed.
Proposal 1: Study events that can trigger UE power class change. 

After experiencing event triggering UE power class change, the UE can signal to the gNB such change and the gNB can use it accordingly. The power/time domains classes will not only help in UL coverage, but also optimize the UE battery life. 
Proposal 2: Support UE indicating the power class change event to the gNB 

The power classes per band combination can be changed by the gNB accordingly, using either RRC reconfiguration or more dynamic reconfiguration (e.g., MAC CE). In the latter case, the UE could receive a separate resource configuration for each power class combination. To support UE power class adaptation, enhanced power headroom reports can be used to request/indicate a specific aggregated power class. For example, an enhanced PHR can point to one of the power class combinations indicated by the UE as capability. 
Proposal 3: Support indication of aggregated power class in power headroom report.
Conclusion
In this contribution, we have discussed and propose the following:
Observation 1: Different CA power classes and duty cycles may be corelated for SAR compliance, leading to an increased UL coverage.
Proposal 1: Study the events that can trigger UE power class change. 
Proposal 2: Support UE indicating the power class change event to the gNB 
Proposal 3: Support indication of aggregated power class in power headroom report.
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RAN1#110b-e agreements:
Agreement
The following work split principles will be adopted in RAN1 for power domain enhancement throughout Rel-18 from RAN1 perspective and send LS to RAN4 in this meeting:
· RAN1 performs link level simulations of candidate solutions for power domain enhancements to study at least the SNR variation, PAPR/CM, and EVM, brought by each solution.
· Transparent MPR/PAR reduction solutions can be considered as a benchmark for studying the performance of non-transparent solutions.
· RAN1 is not expected to perform RF simulations of candidate solutions for power domain enhancements
· Results of RF simulations can be included in RAN1 contributions
· RAN1 will assess RAN1 specification impact of candidate MPR/PAR reduction solutions
· A list of candidate solutions, including necessary parameters, from RAN1 perspective should be ready before the end of RAN1 #111, and should be included in an LS to RAN4.
· RAN1 understands that RAN4 is responsible for selecting the Rel-18 MPR/PAR reduction solution, if any.

Agreement
Draft LS R1-2210563 is endorsed in principle with modifying RAN2 to RAN4 in the Actions (‘RAN2’ should be ‘RAN4’ in “ACTION: RAN1 respectfully requests RAN2 to take the above into account in their future work.”)
Agreement
Final LS R1-2210674 is endorsed.
 
Conclusion
Sub-PRB transmission is de-prioritized for the study of MPR/PAR reduction solutions in Rel-18.
 
Agreement
The following spectrum extension options for frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Option 1: Symmetric extension
· Option 2: Cyclic extension
· Option 3: Cyclic shift plus symmetric extension.
 
Agreement
The following design aspects of tone reservation (TR), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Sideband tone reservation size is expressed in integer units of RBs.
· FFS:
· Sideband tone reservation size
· Sideband tone reservation size determination
· Whether PRTs are added only to data or also DMRS symbols

Agreement
For enhancements to realize increasing UE power high limit for CA and DC, RAN1 can study based on RAN4’s input
· Whether RAN1 enhancements to information exchange between UE and gNB are needed to improve scheduling and network performance when using higher power CA/DC.
· FFS how to realize such information exchange, e.g., signalling enhancement, and what is the spec impact.

Agreement
Draft LS R1-2210673 is endorsed in principle.
Agreement
Final LS R1-2210739 is endorsed.

Agreement
DFT-s-OFDM is the target waveform for the study and, if applicable, the design of MPR/PAR reduction solutions in Rel-18.
Note: No doubt from RAN1 about the offline consensus “Results concerning the application of solutions for DFT-s-OFDM to CP-OFDM can be presented by companies in their contributions”.   

Agreement
For power-domain enhancements targeting MPR/PAR reduction, study the following configurations for DFT-S-OFDM:
· At least pi/2-BPSK and QPSK modulation are considered
· FFS: other modulations, e.g., 16-QAM
· Any number of RB can be considered
· The starting RB of the allocation can be any RB in the BWP 
· FFS:
· Whether restrictions on the number of allocated RB or on the starting RB of the allocation are considered.

Agreement
At least the following candidate solutions for MPR/PAR reduction will be studied in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension)
 
 
Agreement
The following design aspects of frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Spectrum extension size is expressed in integer units of RBs.
· Both DMRS and data symbols undergo spectrum shaping
· FFS:
· Which extensions factor(s) to consider, where extension factor (α) is given by spectrum extension size / Total allocation size.
· Impact of shaping filter on FDSS-SE performance
· How to extend DMRS sequence to spectrum extensions, based on either the existing ZC-sequence DMRS or low-PAPR DMRS for PUSCH (FG 16-6c)
· How extension size is determined
Agreement
For link-level performance evaluation:
· R17 PUSCH DFT-s-OFDM waveform is the baseline for performance comparison
· Transparent schemes (to be reported by companies) can be used as benchmark for the performance assessment
All considered solutions should be configured to operate with same amount of time-frequency resource and a same spectral efficiency, that is:
· Same number of DFT-s-OFDM symbols
· Same TBS
· Same RB allocation
Note: it is understood that minor TBS variations across different waveform configurations can occur and are acceptable.
 
 Agreement
For link-level performance evaluation, the performance of the considered MPR/PAR reduction solutions is studied using at least the metrics included in the work split principles for power domain enhancement agreed by RAN1 for Rel-18, for instance, but no limited to, , defined as the SNR variation w.r.t. baseline under the requirement BLER=10-1.
· FFS whether further definition or refinement of the metrics is needed
Note: metrics other than the ones included in the work split principles for power domain enhancement agreed by RAN1 for Rel-18 can be reported by companies.

Agreement 
For link-level performance evaluation, companies are encouraged to report configuration details of the following aspects, when applicable:
· Shaping filter used for evaluating frequency domain spectrum shaping w/ and w/o spectrum extension (both the filter used at the transmitter and at the receiver should be reported, if the two filters are assumed to be mismatched).
· PRT generation algorithm used for evaluation tone reservation w/ spectrum extension.
· Design details and configuration of any transparent scheme used as benchmark 

Agreement 
For link-level performance evaluation of MPR/PAR reduction solutions involving the use of Tx filter, companies are encouraged to assume a Tx filter which fulfills a set of spectrum flatness requirements, e.g., existing RAN4 spectrum flatness requirements
· FFS whether the set of spectrum flatness requirements shall be the same set of constraints as in the current RAN4 spec or not.
For link-level performance evaluation of MPR/PAR reduction solutions involving the use of spectrum extensions or sideband, companies are encouraged to report whether/how the extended portion of the spectrum is handled by the receiver in the simulations.

image1.png
ASNR




